Differences in the solution structures of oxidized and reduced cytochrome c measured by small-angle X-ray scattering.
While X-ray crystallographic data on cytochrome c show the reduced and oxidized forms to have very similar structures, there is a considerable body of data, mostly from solution studies, that indicates the reduced form is more stable and that the interior of the protein is less accessible to solvent in this state. These observations have led to the hypothesis that while the time-averaged structure is preserved between the two forms, the dynamics of the two forms are different. The oxidized form has been proposed to undergo more large-amplitude, low-frequency motions than the reduced form. The crystal structure data were derived from crystals grown in high salt concentrations, but the solution studies were done at relatively low ionic strength. Small-angle X-ray scattering has been used to examine the effects of the ionic strength and oxidation state on the solution structure of cytochrome c. We find that the radius of gyration and the maximum linear dimension of oxidized cytochrome c are significantly larger than those for reduced cytochrome c, in 5 mM phosphate buffer at pH 7.3, and further that this difference is suppressed by addition of 200 mM sodium chloride. We conclude that there is a real structural difference between the two forms at low ionic strength in solution and that this difference is likely to contribute to the observed differences in accessibility and compressibility.